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The Gene for a Rare Autosomal Dominant Form of
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Wen-Hui Du1,2, Shi-Jie Xu3, Wei Huang3 and Xue-Jun Zhang1,2
Pompholyx is a rather common disorder characterized by recurrent crops of vesicles or bullae on the lateral
aspects of the fingers, as well as the palms and soles with non-erythematous skin. Until now, very few large
families have been reported, so no gene or locus has been identified. Here, we performed a genome-wide
search in a large Chinese family to map the chromosome location of the responsible gene. We identified a locus
at chromosome 18q22.1–18q22.3 with a maximum two-point LOD score of 3.61 at marker D18S1131 (y¼ 0.00).
Haplotype analyses indicated that the disease gene is located within 12.07 cM region between markers D18S465
and D18S1362, which corresponds to 8.0 Mb. This is the first locus identified for pompholyx. It will aid future
identification of the responsible gene, which will be useful for the understanding of the molecular mechanism
of pompholyx.
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INTRODUCTION
Pompholyx (called dyshidrosis by some) is a form of
vesicobullous eczema that affects the palms and soles with
non-erythematous skin. It is an acute, chronic, or recurrent
dermatosis of the fingers, palms, and soles, characterized by
the sudden onset of many deep-seated pruritic, clear ‘‘sago-
like’’ vesicles; later, scaling, fissures, and lichenification
occur (Wilkinson, 1993). Pompholyx is more common in
warm weather, and some patients are attacked annually in
summer (Champion et al., 1998). Clinically, these patients
have intensely pruritic, burning, vesicular eruption on their
palms, digits, and soles (White, 1990). It may be mild or may
progress to a severe debilitating disease (Egan et al., 1999).
They may occur at intervals of 3 or 4 weeks for months or
years, or at long irregular intervals (Champion et al., 1998).
Much like other forms of eczema, this is a benign, chronic,
inflammatory disease that causes a decline in the quality of
life rather than impacting survival (Wilkinson, 1993). Most
cases are idiopathic and, for severe cases, there are few
effective treatment options (Lodi et al., 1992).
The causes for pompholyx formation still remain un-
known. In most cases, no cause is found (Champion et al.,
1998). Pompholyx often occurs sporadically, but a genetic
predisposition for pompholyx formation has been considered.
The first familial aggregation of pompholyx was noted as
early as 1969 and the results showed an autosomal dominant
inheritance pattern (Curth, 1969). It has been reported that it
could also be transmitted in an autosomal dominant pattern
in China (Sun and Zhang, 2003). Monozygotic twins have
been affected simultaneously (Grauer and Lorincz, 1956).
These results suggested that genetic factors might play an
important role in the development of pompholyx. As a form
of vesicobullous eczema, until now pompholyx has not been
mapped to any chromosome region and not even recorded
into Online Mendelian Inheritance in Man (OMIM). To locate
the gene responsible for pompholyx, we performed a
genome-wide scan and first mapped the pompholyx gene
to chromosome 18q22.1–18q22.3.
RESULTS
Clinical findings
The subjects are from a four-generation pompholyx family
consisting of 23 individuals. There are 14 affected individuals
in this family, including 10 male and four female individuals
(Figure 1). The age of onset was from 5 to 13 years. The mode
of inheritance is clearly autosomal dominant with high
penetrance. All affected individuals had visible confluent
vesicles or bullae on the palm and sole. The proband in this
family, individual IV: 4, was a 22-year-old male. He
presented to our clinic with a 17-year history of palmoplantar
pompholyx that had been increasing in severity and limited
his ability to work. Recently, the deep-seated crops of clear
vesicles had appeared as ‘‘sago-like’’ in clusters. After 5 days,
vesicles became confluent and present as large bullae on his
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palms with severe burning and itching. The attack subsided
spontaneously, and resolution with desquamation occurred
in 3 weeks in this case; recurrent attacks in this period caused
a wave-like continuation of symptoms (Figure 2). Patch
testing and irritant avoidance were performed, but failed to
reveal an external allergen. The result of mycologic
examination was negative. Skin biopsy was performed on
the proband (Figure 2d). Histologically, it showed notable
spongiotic vesicles. By confluence and expansion of intrae-
pidermal edema, larger spongiotic vesiculation with only
a superficial inflammatory infiltrate resulted. Additional
affected individuals in this family were also examined, and
had similar distributions of skin lesions (Table 1).
Linkage analysis
We first undertook a genome-wide scan of the large family. A
linkage LOD score was obtained with marker D18S61
(Zmax¼3.43, y¼ 0.00). For fine mapping, 18 additional
polymorphic microsatellite marks at 18q were further tested.
Significant evidence for linkage was observed with a maximum
two-point LOD score of 3.61 (y¼ 0.00) at D18S1131. LOD
scores X3 were also obtained for the other two markers,
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Figure 1. Haplotype analysis of the family: Black symbols denote affected individuals and white symbols unaffected individuals. Haplotypes are shown for all
available members with marker names at the left of each generation. Black bars represent disease-carrying haplotypes and the gray bar denotes no informative
regions adjacent to critical recombination events. The black arrow indicates the proband of this family.
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D18S1125 (Zmax¼3.31, y¼0.00) and D18S485 (Zmax¼3.00,
y¼ 0.00). The pairwise LOD scores between the relevant
markers and the disease locus are given in Table 2.
Haplotype analysis
To determine the smallest interval containing pompholyx
locus, recombination events among the family members were
analyzed by haplotype reconstruction (Figure 1). The
proximal border of the critical region was defined by a
recombination event, present in individual III: 4 and III: 9,
between markers D18S68 and D18S465. The distal border of
the critical region was defined by a recombination event,
present in individual III: 4 and III: 11, between markers
D18S1358 and D18S1362. These results suggest that the
gene responsible for pompholyx in this family is located
within the 12.07 cM interval between D18S465 and
D18S1362, which represents approximately 8.0 Mb physical
distance on chromosome 18q22.1–18q22.3.
DISCUSSION
Pompholyx of the palms and soles is a rather common
disease. The typical and unique morphology of the clear
‘‘sago-like’’ vesicles, their longer duration and severe
burning, itching, and pain may be due to the specific
anatomy of the glabrous skin of the palms and soles
characterized by a thick epidermis with a compact stratum
corneum (Kutzner et al., 1986). Pompholyx accounts for
about 5–20% of all cases of hand eczema (Meding and
Swanbeck, 1989). In a population study, the 1-year pre-
valence of pompholyx was estimated to be 0.5% (Meding
and Swanbeck, 1989). Pompholyx may occur at any age, but
it is more common before the age of 40 years. Onset before
10 years is unusual (Champion et al., 1998). However, the
age of onset was generally before 10 years in this study.
To date, the pathogenesis of pompholyx is still unknown
although there are many theories about the etiology of
pompholyx. It is very likely that several aggravating factors,
such as atopy (Lodi et al., 1992), contact allergy (Meneghini
and Angelini, 1979), allergy to ingested metals (Veien and
Kaaber, 1979), psychological stress (Man et al., 2004),
dermatophyte infection (Tagami et al., 1977), and drug
eruption (Edman, 1988), influence the development and
formation of pompholyx in a predisposed individual. How-
ever, in many cases, avoidance of aggravating factors does
a b
d
c
Figure 2. Clinical findings of the proband. (a) Confluent vesicles and bullae
on the palms and lateral aspects on the fingers. (b) Desquamation on the
palms. (c) Confluent vesicles on the sole. (d) Histological results showing
spongiosis and spongiotic vesicles (hematoxylin and eosin staining).
Table 1. Review of clinical findings in affected members of the family with pompholyx
ID no. Sex Age at examination (years) Location Vesicles (no./cm2) Desquamation Itching Age of onset (years)
I-2 F — A+B+C 5–6 Severe Severe 12
II-2 M 68 A+B+C 5–8 Severe Severe 13
III-1 M 43 A+B 9–12 Severe Severe 10
III-4 F 41 A+B 11–15 Severe Severe 11
III-5 M 39 A+B+C 9–12 Severe Severe 6
III-7 M 37 A+B+C 11–15 Severe Severe 9
III-9 M 36 A+B+C 9–12 Severe Moderate 7
III-11 F 34 A+B+C 11–15 Severe Severe 8
IV-1 M 22 A+B+C 11–15 Severe Moderate 9
IV-2 F 20 A+B 9–12 Moderate Severe 11
IV-3 M 18 A+B+C 11–15 Severe Severe 7
IV-4 M 22 A+B+C 11–15 Severe Severe 5
IV-5 M 17 A+B+C 9–12 Moderate Severe 9
IV-7 M 9 A+B 5–8 Moderate Moderate 5
ID no.: individual number in the pedigree; — the individual who died; A: palms; B: the lateral aspects of the fingers; C: soles; M: male; F: female.
Mild: 40o2; moderate: 2–8; severe: 48.
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not result in complete healing. None of the above risk factors
were observed in this family. Genetic factors may determine
the expression of pompholyx as pure factors. However, the
identification of families with an autosomal dominant
inheritance pattern of pompholyx formation suggested that
mutations in single genes could predispose to this eczema
disorder.
Pustular psoriasis should be differentiated from pompho-
lyx. In pustular psoriasis of the palms and soles, there are
usually no clear vesicles, although this is not invariably so.
The pustules are sterile on culture (Uehara, 1983). Further-
more, contact dermatitis, pemphigoid, linear IgA disease, and
pemphigoid gestationis should also be differentiated from
pompholyx (Barth et al., 1988; Duhra and Ryatt, 1988;
Champion et al., 1998). Clinical and histological character-
istics of our family supported the diagnosis of pompholyx.
According to the haplotype analysis, we positioned the
pompholyx locus proximal to D18S465 and distal to
D18S1362 in this family. As a result, we identified a locus
on 18q22.1–18q22.3 for pompholyx. There are 17 genes
within the 8 Mb critical regions, including 12 known genes
and five predicted genes. Six known genes (CDH7 (OMIM
605806), CDH19 (OMIM 603016), CD226, RTTN, SOCS6,
CBLN2) whose transcripts had been isolated from skin cDNA
libraries could be selected for further investigation by
mutation analysis. CDH7 and CDH19 genes are a type II
classical cadherin from the cadherin superfamily. The
encoded membrane protein is a calcium-dependent cell–cell
adhesion glycoprotein comprised of five extracellular cad-
herin repeats, a transmembrane region, and a highly
conserved cytoplasmic tail. These calcium-dependent adhe-
sion molecules are important in maintaining the structural
integrity of epithelial tissues including the skin. Of these two
genes, CDH7 is of unknown function and its expression in the
palm and sole epidermis has not been investigated. Although
CDH19 is known to be very widely expressed, this does not
preclude its involvement in the structural defect of palm and
sole skin. The SOCS6 gene can also be considered as an
attractive candidate gene. The product of SOCS6 gene
belongs to the cytokine-induced STAT inhibitor. Cytokine-
induced STAT inhibitor family members are known to be
cytokine-inducible negative regulators of cytokine signaling.
Whether these three genes are related to pompholyx will be
determined in our further study.
In conclusion, we firstly identified a locus for pompholyx
on chromosome 18q22.1–18q22.3 from a large Chinese
family. Further studies are being pursued, to refine the
genetic interval and screen candidate genes for mutations.
The elucidation of the molecular mechanisms must await
the identification and functional analysis of the disease gene.
Table 2. Two-point linkage analysis between pompholyx and 18 microsatellite markers on chromosome
18q22.1–18q22.3
LOD score at h=
Markers Physical distance (bp) Genetic distance (cM) 0.00 0.10 0.20 0.30 0.40 Zmax hmax
D18S474 46,946,776 72.924 N 0.09 0.37 0.42 0.28 0.42 0.30
D18S64 55,575,037 82.199 N 0.09 0.37 0.42 0.28 0.42 0.30
D18S68 59,686,664 88.765 N 1.11 1.17 0.93 0.53 1.17 0.20
D18S465 61,044,914 90.794 1.50 1.27 1.02 0.73 0.39 1.50 0.00
D18S483 61,063,902 90.822 2.71 2.25 1.74 1.16 0.53 2.71 0.00
D18S1131 64,964,915 95.877 3.61 3.01 2.35 1.60 0.76 3.61 0.00
D18S61 65,585,088 96.762 3.43 2.84 2.18 1.44 0.65 3.43 0.00
D18S1125 66,881,879 98.594 3.31 2.76 2.15 1.45 0.68 3.31 0.00
D18S488 67,553,456 99.653 1.50 1.23 0.92 0.58 0.21 1.50 0.00
D18S1091 67,605,742 99.743 1.50 1.23 0.92 0.58 0.21 1.50 0.00
D18S485 67,970,468 100.420 3.00 2.50 1.94 1.31 0.61 3.00 0.00
D18S1106 67,994,418 100.467 1.80 1.36 0.89 0.45 0.10 1.80 0.00
D18S541 68,323,159 101.160 2.96 2.46 1.90 1.28 0.59 2.96 0.00
D18S1358 68,369,624 101.265 1.74 1.25 0.77 0.33 0.05 1.74 0.00
D18S1362 69,161,854 103.392 N 0.92 0.72 0.43 0.19 0.92 0.10
D18S469 69,453,056 104.367 N 0.10 0.36 0.35 0.22 0.36 0.20
D18S58 70,193,427 106.825 N 0.85 0.24 0.02 0.04 0.04 0.40
D18S1161 70,397,406 107.449 N 0.93 0.36 0.14 0.03 0.03 0.40
LOD scores were calculated under an autosomal dominant mode of inheritance, with a penetrance of 99.9% at various recombination fractions. All the
marker positions were based on an interpolated genetic map that incorporates the information from a physical map (Build 34.3) and published Decode and
Marshfield genetic maps (http://www2.qimr.edu.au/davidD/).
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ELECTRONIC DATABASE INFORMATION
Accession numbers and URLs for data in this paper are as
follows:
Mapview, http://www.ncbi.nlm.nih.gov/mapview/
Online Mendelian Inheritance in Man (OMIM), http://
www.ncbi.nlm.nih.gov/OMIM
David Duffy’s QIMR Homepage, http://www2.qimr.edu.
au/davidD/
MERLIN, http://www.sph.umich.edu/csg/abecasis/Merlin/
index.html
MATERIALS AND METHODS
Study participants
A four-generation family from Anhui province of China with
pompholyx features was recruited for this study. It showed an
autosomal dominant inheritance pattern. After obtaining informed
consent, all the participants received careful physical examinations
by experienced dermatologists. A total of 23 family members
participated in this study. Blood samples were collected from
available family members and genomic DNAs were extracted from
peripheral blood by using a blood kit (Qiagen Inc., Hilden,
Germany). This study was approved by the Anhui Medical
Institutional Review Board and was conducted according to the
Declaration of Helsinki Principles.
Genotyping
We performed a genome-wide scan using 382 fluorescent micro-
satellite markers from the ABI’s Prism Linkage Mapping Set (Version
2) in this family. The average marker spacing is 8.85 cM (ranging
from 1 to 19 cM) and the average marker information content is 0.72
based on the genotypes from this family. For fine mapping, 18
additional microsatellite markers were selected to confirm this
region, increasing the density up to B1.5 cM. All the marker
positions were based on an interpolated genetic map that
incorporates the information from a physical map (Build 34.3) and
published Decode and Marshfield genetic maps (http://www2.qimr.
edu.au/davidD/). All the markers were genotyped in multiplex PCR
following the guidelines from the manufacturer (Applied Biosystems,
Foster City, CA). Before being used in a linkage analysis, all
genotyping data were subjected to quality checking by using
PedCheck (O’Connell and Weeks, 1998) and MERLIN (Abecasis
et al., 2002) programs. Problematic genotypes were either corrected
by rechecking original allele callings or removed if allele status
could not be reliably determined.
Linkage and haplotype analyses
Autosomal dominant inheritance with 99.9% penetrance was assumed.
The affected allele frequency was taken as 0.0001. Marker allele
frequencies were obtained from all the individuals’ genotyping data.
The recombination frequency was assumed to be equal for both sexes.
Two-point linkage analysis was performed using Linkage programs
version 5.10 (Lathrop and Lalouel, 1984). Haplotypes were constructed
with Cyrillic Version 2.02 software (Sobel and Lange, 1996).
CONFLICT OF INTEREST
The authors state no conflict of interest.
ACKNOWLEDGMENTS
This work was funded by grants from the Chinese High Tech Program (863)
(2003AA227030, 2002BA711A10, 2001AA227031, and 2001AA224021),
the Shanghai Science and Technology Committee (03DJ14008), and the
Chinese Ministry of Education (2003). We are most grateful to the pompholyx
family for participating in this study.
REFERENCES
Abecasis GR, Cherny SS, Cookson WO, Cardon LR (2002) Merlin-rapid
analysis of dense genetic maps using sparse gene flow trees. Nat Genet
30:97–101
Barth JH, Venning VA, Wojnarowska F (1988) Palmo-plantar involvement in
auto-immune blistering disorders – pemphigoid, linear IgA disease and
herpes gestationis. Clin Exp Dermatol 13:85–6
Champion RH, Burton JL, Burns DA, Breathnach SM (1998) Textbook
of Dermatology, 6th edn. Oxford: Blackwell Scientific Publications,
650–2
Curth HO (1969) Familial pompholyx. Arch Dermatol 100:520
Duhra P, Ryatt KS (1988) Haemorrhagic pompholyx in bullous pemphigoid.
Clin Exp Dermatol 13:342–3
Edman B (1988) Palmar eczema: a pathogenetic role for acetylsalicylic acid,
contraceptives and smoking? Acta Derm Venereol 68:402–7
Egan CA, Rallis TM, Meadows KP, Krueger GG (1999) Low-dose oral
methotrexate treatment for recalcitrant palmoplantar pompholyx. J Am
Acad Dermatol 40:612–4
Grauer FH, Lorincz AL (1956) Simultaneous dyshidrosis in monozygotic twins
during their separation. Arch Dermatol 74:250–2
Kutzner H, Wurzel RM, Wolff HH (1986) Are acrosyringia involved in the
pathogenesis of ‘‘dyshidrosis’’? Am J Dermatopathol 8:109–16
Lathrop GM, Lalouel JM (1984) Easy calculations of lod scores and genetic
risks on small computers. Am J Hum Genet 36:460–5
Lodi A, Betti R, Chiarelli G, Urbani CE, Crosti C (1992) Epidemiological,
clinical and allergological observations on pompholyx. Contact Derma-
titis 26:17–21
Man I, Ibbotson SH, Ferguson J (2004) Photoinduced pompholyx: a report of 5
cases. J Am Acad Dermatol 50:55–60
Meding B, Swanbeck G (1989) Epidemiology of different types of hand
eczema in an industrial city. Acta Derm Venereol 69:227–33
Meneghini CL, Angelini G (1979) Contact and microbial allergy in
pompholyx. Contact Dermatitis 5:46–50
O’Connell JR, Weeks DE (1998) PedCheck: a program for identification of
genotype incompatibilities in linkage analysis. Am J Hum Genet
63:259–66
Sobel E, Lange K (1996) Descent graphs in pedigree analysis: applications to
haplotyping, location scores, and marker-sharing statistics. Am J Hum
Genet 58:1323–37
Sun X, Zhang XJ (2003) The pedigree report of pompholyx in China. Chin J
Dermatol (in Chinese) 36:399
Tagami H, Watanabe S, Ofuji S, Minami K (1977) Trichophytin contact
sensitivity in patients with dermatophytosis. Arch Dermatol 113:
1409–1414
Uehara M (1983) Pustulosis palmaris et plantaris. A review of clinical features
and aggravating factors. Acta Otolaryngol Suppl 401:7–11
Veien NK, Kaaber K (1979) Nickel, cobalt and chromium sensitivity in
patients with pompholyx (dyshidrotic eczema). Contact Dermatitis
5:371–4
White Jr JW (1990) Localized eczematous disease. In: Principles and practice
of dermatology (Mitchell S, Lynch P, eds), New York: Churchill
Livingstone, 411
Wilkinson JD (1993) Vesicular palmoplantar eczema. In: Dermatology in
general medicine (Fitzpatrick T, Eisen AZ, Wolff K et al., eds), 4th edn,
New York: McGraw-Hill, 1574–9
304 Journal of Investigative Dermatology (2006), Volume 126
J-J Chen et al.
The Locus for Pompholyx at 18q22.1–18q22.3
